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The importance of antegrade completion
angiography in aortobifemoral bypass limb
revision
Ryan A. Helmick, MD,a and Charles L. Mesh, MD,a,b Cincinnati, Ohio
Aortobifemoral bypass is a durable arterial reconstruction with well-defined failure modes. Management of graft limb
thrombosis requires restoration of inflow and correction of any causative outflow lesions. Successful, minimally invasive
inflow restoration with catheter thrombectomy can become problematic if assessment of technical adequacy is deficient or
reveals causal lesions within the graft body. We describe a case illustrating the potential shortfall of retrograde graft limb
completion angiography in depicting neointimal flaps, the benefit of antegrade angiography in depicting these flaps, and
a novel utilization of a standard endovascular method to correct flaps that involve the graft body. (J Vasc Surg 2012;55:
1141-4.)
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tAortobifemoral bypass grafting is a durable therapy for
aortoiliac occlusive disease. The most common failure
mode for these reconstructions is graft limb thrombosis
due to disease progression in the native outflow vascula-
ture. Revision involves inflow restoration and outflow revi-
sion. Although numerous techniques have been described
to restore inflow, themost commonmethod is graft throm-
bectomy. The inciting outflow lesion is then addressed by
profunda femoral revascularization or, rarely, more distal
bypass. This systematic approach results in low rates of
acute postoperative thrombosis and 1-year secondary
patency of 70% to 97.8%.1,2
Because aortofemoral bypass grafts develop an adher-
ent pseudointimal lining after long periods of function3,4
and catheter thrombectomy is performed blindly, unrecog-
nized flow-limiting flaps may be the source of such failures.
Retrograde angiography and pressure measurements have
been used as methods to detect such lesions.1 Angioscopy
can also confirm the presence of residual pseudointimal
flaps and adherent thrombus after graft limb thrombec-
tomy and has been used as an adjunct to remove these
potentially dangerous lesions.4 The current widespread
availability of high-quality, intraoperative, fluoroscopic
imaging allows for simple, routine, retrograde angiogra-
phy, and has relegated angioscopy to a position of his-
torical interest. We present a case that illustrates a poten-
tial, important shortcoming of retrograde angiography
as a method of postthrombectomy technical assessment
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ASE REPORT
A 69-year-old woman presented with a 3-month history of
imiting right calf claudication 12 years after aortobifemoral by-
ass. An 18  9 bifurcated prosthesis had been used to repair a
mall aortic aneurysm and severe iliac occlusive disease with end-
o-end aortic and end-to-side common femoral anastomoses. Ex-
mination demonstrated absent right lower extremity pulses.
oppler signals were easily heard at the right femoral, popliteal,
osterior tibial, and dorsal pedal locations. Ankle-brachial indexes
ere 1.0 on the left and 0.48 on the right. Computed tomography
ngiography confirmed flush occlusion of the right limb with the
ody of the graft and patent distal vasculature. Intimal hyperplasia
t the common femoral anastomosis required revision with an
-mm Dacron interposition graft hooded onto the proximal deep
emoral artery. Retrograde completion angiography showed a
tenosis at the aortobifemoral graft limb origin (Fig 1, A). Angio-
lasty with a 9-  40-mm balloon alleviated the lesion (Fig 1, B)
nd restored excellent inflow.
The graft limb thrombosed24 hours and was re-explored.
fter thrombectomy, antegrade completion angiography
hrough a catheter in the graft body demonstrated a diagonal
efect at the limb origin. This was initially treated with a 10- 
8-mm iliac stent graft. Repeat antegrade completion angio-
ram (limb clamped, sheath and diagnostic catheter side-by-
ide, aspirating sheath during injection to ensure antegrade
ow) showed persistence of the flap with apparent origin in the
ody of the graft (Fig 1, C). Raising the graft bifurcation with
issing, balloon-expandable stents placed in the proximal right
10  37 mm) and left (9  25 mm) graft limbs eliminated the
esion and restored excellent inflow (Fig 1, D). Ankle-brachial
ndexes normalized, and the patient was discharged on the
econd postoperative day.
ISCUSSION
Aortofemoral bypass grafting yields excellent results in
he management of aortoiliac occlusive disease, yet pro-
ressive atherosclerosis in the distal runoff often causes
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April 20121142 Helmick and Meshocclusion of one or both limbs of the bypass graft.1 Al-
though the rates of open aortofemoral reconstruction have
fallen as endovascular procedures have increased, aortobi-
femoral bypass continues to be a significant component of
contemporary vascular surgical practice.5 As such, the man-
agement of the failed aortofemoral bypass remains impor-
tant. Treatment of graft limb occlusion relies on the opti-
mization of graft outflow and restoration of adequate
inflow. Outflow improvement is accomplished with pro-
funda femoral revascularization or additional distal bypass.1
Durable graft inflow can be restored with thrombolysis,
thrombectomy, extra-anatomic bypass, or redo aortofem-
oral bypass.1,6,7
Thrombectomy is an attractive management option in
that it is expeditious and allows direct treatment of outflow
problems. Unfortunately, thrombectomy catheters may
Fig 1. Sequential completion angiograms: A, Initial ret
Retrograde angiogram after balloon angioplasty shows
(second operation) demonstrates severe flow defect (ar
Completion antegrade angiogram after kissing stents (ardamage the pseudointima, creating flaps within the graft Rumen. In early efforts to remain minimally invasive, an-
ioscopy was used to evaluate the vessel lumen, identify
reas of pseudointimal damage, and guide management
ith biopsy forceps or bronchoscopy brushes.4 This
ethod has fallen into disfavor because the widespread
vailability of high-quality, intraoperative fluoroscopy al-
ows for routine retrograde angiography. An alternative
ethod to assess the completeness of graft limb thrombec-
omy is intravascular ultrasound imaging.8
Caution needs to be exercised when performing
etrograde angiography through an aortic graft limb.
he forces generated during catheter thrombectomy are
pplied in an antegrade direction within the graft limb.
onsequently, when pseudointimal disruption occurs
nd flaps are raised, the entry point is located proximally
nd the attachment based more distally within the graft.
de angiogram shows stenosis at the graft limb origin. B,
resolution (first operation). C, Antegrade angiogram
ad) in proximal graft limb (catheter in graft body). D,
.rogra
lesion
rowheetrograde contrast injection applies hemodynamic
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Volume 55, Number 4 Helmick and Mesh 1143forces from distal to proximal and therefore tends to
reduce any flaps against the graft wall (Fig 2,A). Orthog-
onal views and careful attention to subtle gradations in
contrast density may suggest underlying occult lesions;
however, restoration of antegrade blood flow permits
hemodynamically significant, unrecognized flaps to sep-
arate from the graft wall and facilitates radiographic
definition. The most efficient method of completion
study after graft limb thrombectomy is to repair any
distal anastomotic lesions, restore flow in the limb, and
then preform angiography through a diagnostic catheter
in the graft body placed through the contralateral limb.
In our patient, an occlusive flap was not identified on
completion retrograde angiogram (Fig 1, B) at the first
operation. In contrast, after graft failure, placement of a
catheter within the main body of the graft allowed
antegrade angiography, easy demonstration of the lumi-
nal defect (Figs 1, C and 2, B), and guided endovascular
therapy. The concept of antegrade vs retrograde angiog-
raphy is usually discussed in angiography textbooks in
the context of groin access selection or iatrogenic dissec-
tion of native arteries.9 The technique we have described
here is novel in the management of thrombosed aortic
graft limbs.
Minimally invasive management of significant pseu-
dointimal flaps can be easily accomplished by single stent
deployment when the defect is well within a graft limb. This
tacks the disrupted pseudointima to the graft and allows for
normal healing. Reports of stent placement within an aor-
Fig 2. A, Retrograde angiography force vectors (sma
B, Antegrade injection reproduces physiologic flow v
flow-limiting flaps. C, Raising the graft bifurcation with
flaps against the graft wall (arrowheads) by using the cont
with permission. © Marcia Hartsock, MA, CMI.tofemoral graft limb after thrombectomy are sparse,10 butimilar techniques have been used to successfully correct
emodynamically compromised aortic stent graft limbs
uring endovascular aneurysm repair and after stent graft
imb thrombosis.11,12 In contrast, if a neointimal defect
xtends proximal to the graft bifurcation, unilateral stent
eployment within the affected limb extending into the
raft body does not have reliable contralateral support to
ffix the flap to the graft wall. Recreating a more proximal
raft bifurcation with a contralateral kissing stent, a tech-
ique routinely used to treat iliac occlusive disease involv-
ng the aortic bifurcation,13,14 achieves such support (Fig
, C). In some cases a large self-expanding stent may be
equired to fully reapproximate aortic graft body flaps.
ONCLUSIONS
Retrograde angiography to evaluate technical success
f aortic graft limb thrombectomy may be limited due to
pposite force vectors during retrograde contrast injection
nd antegrade arterial blood flow. Antegrade completion
ngiography can overcome this shortfall. Endovascular
tent deployment is an effective means of correcting neoin-
imal flaps. Concurrent contralateral kissing stent place-
ent is a valuable adjuvant when the neointimal flaps
xtend above the graft bifurcation.
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